To estimate proportions of injuries that are attributable to the work environment (excess fractions) among economically active men and to identify industries associated with an elevated injury risk. Methods: A follow-up study was conducted among all economically active men in Denmark aged 20-59 yr 1 January 1999 (N=1,315,772) for first hospital contacts in the period 1999-2003 due to injury in five body regions. Age standardised hospital treatment ratios (SHR) were calculated by industry and excess fractions were estimated. Results: The excess fractions by body region attributable to the work environment were: 22% (95% CI 18-26%) for lower extremities, 29% (95% CI 24-34%) for head and neck, 31% (95% CI 25-37%) for thorax, 36% (95% CI 30-43%) for upper extremities, and 39% (CI: 32-46%) for back injuries. We identified eight industries associated with significantly elevated risks for injuries to each of the five body regions. These were: "road contractors", "bricklayer, joiner, and carpentry work", "finishing (construction work)", "transport of goods", "fire service and salvage corps", "stone-works, pottery, and glass industry", "cleaning, laundries, and dry cleaners", and "slaughterhouse industry". Conclusions: There are substantial industrial inequalities in injury rates among male workers in Denmark. The size of the inequalities differs between body regions. (J Occup Health 2010; 52: 147-154) 
When prioritising public health initiatives it is important to have an idea of prevention potentials in various industrial sectors of society. If we, for example, contemplate work place campaigns as a measure for decreasing the number of injuries among economically active people, then we first want to know the proportion of injuries related to work place conditions. If this proportion is large then it would be meaningful to direct campaigns toward work places. If we could additionally identify industries associated with especially high risks for injuries, then we would have another useful piece of information which could be used to decide where to direct the campaigns.
Kines et al. have investigated the work-relatedness of injuries among female employees in Denmark 1) . They estimated that 14.2% of injuries to the lower extremities could be attributed to a non-optimal work environment. They also estimated that 16.4% of head injuries, 19 .5% of thorax injuries, 23.5% of back injuries, and 27.4% of injuries to the upper extremities could be attributed to a non-optimal work environment. The study by Kines et al. successfully identified a number of high-risk industries and may therefore inspire actions aimed at preventing industrial injuries among women. It is, however, a weakness of their study that they did not include men since work-related injuries occur more than twice as often among male employees 2) . In the present study, we replicate the analyses by Kines et al. but focus on men instead of women. The aim was to find out whether or not the work environment is of importance for injuries among male employees and if so, to which degree the work environment matters and among which industries the highest risks of injuries are to be found. The question of why the risk of injuries differs among industries is not addressed in this paper.
Materials and Methods

The data source
We used the Danish Occupational Hospitalisation Register (OHR), which is a record-linkage between three national registers-the central person register, the hospital patient register, and the employment classification module. OHR was established by the National Research Centre for the Working Environment in the mid 1980's after permission from the three ministers responsible for the source registers. The purpose was to establish a surveillance system and a research data base of proven scientific quality. Currently, the OHR includes every person who has been (A) an inhabitant of Denmark sometime after 1980 and (B) economically active, meaning wage earners, salaried employees, self-employed and people on temporary unemployment benefit. In 1999, 86% of the male population aged 20-59 was economically active.
The central person register contains information on gender, addresses, and dates of birth, death and migrations for everyone living in Denmark sometime between 1968 and the present.
The national hospital patient register contains data from all public hospitals in Denmark. The diagnoses have been coded according to the international classification of diseases version ten (ICD-10) since 1994. Since 1995, the register has covered all inpatients, outpatients, and emergency ward visits 3) . In the follow-up period, no private emergency wards existed in Denmark, and less than 1% of all planned surgery on in-and out-patients took place in private hospitals 4) . The employment classification module has existed since 1975 and annually registers a person's industry, occupation, and employment status 3) . Records are linked by means of a unique personal identification number. Records are kept at Statistics Denmark. Researchers are authorized to use data with encrypted personal identification numbers, and it is secured so that no analyses identifying any person or firm can be transferred outside Statistics Denmark.
The follow-up
All economically active men in Denmark aged 20-59 yr on 1 January 1999 (N=1,315,772 ) were followed in the period 1999-2003 for first hospital contacts with principal diagnoses of: Injuries to the neck and head (ICD-10=S00-S19), thorax (ICD-10=S20-S29), abdomen, lower back, lumbar spine and pelvis (ICD-10=S30-S39), upper extremities (ICD-10=S40-S69), and lower extremities (ICD-10=S70-S99). Dates of death, emigration, and hospital contact (in-and out-patients) were used to calculate person years at risk for each individual.
Statistical methods
We used indirect standardisation to adjust for five-year age groups, with all economically active men in the total population of Denmark in 1999 as the standard population. Age standardised hospital treatment ratios (SHR) were calculated by industry. We used the industrial classification of the National Research Centre for the Working Environment, which contains 57 different industrial groups 5) . The classification is an aggregation of the Danish Industrial Classification of All Economic Activities 1993, which is a national version of the European Industrial Classification of All Economic Activities 6) . Excess fractions for five body regions were estimated. With excess fraction we mean the proportion of the injuries that would not have occurred, had the incidence rate in each of the industries been as low as that in the industry associated with the lowest risk 7) .
Mathematically where p i is the proportion of the expected cases that pertains to industry i under the assumption of equality and RR i is the unobservable true risk ratio between industry i and the industry with the lowest risk.
Since the true risk ratios are unknown, the above equation cannot be solved explicitly. Moreover, it follows from the statistical distribution function for order statistics 8) that the range of the estimated risks is likely to be wider than the range of the true risks, and that the lowest estimated risk is likely to be lower than the lowest true risk. Observed differences in risk estimates reflect, in other words, the combined effect of random and systematic differences. Hence, if we were to replace the true risk ratios with observed ones (obtained by comparing the rate in each industry with the lowest observed rate) we would obtain a severely biased excess fraction estimate. In the present study, we solved this problem by estimating the excess fraction implicitly through a Monte Carlo simulation procedure, proposed by Feveile et al. 9) The same method has been used in several other studies 1, 10, 11) . The purpose of the simulation was to find and deduct the part of the inequalities that are the result of solely random fluctuations and thereby enable an estimate of the actual inequalities in the risk of contracting the outcome in question. We performed the simulations with the statistical analysis software SAS version 8.2 (SAS Institute, Cary, NC, USA) on the basis of the following assumptions:
· The number of injury cases in each industry follows a Poisson distribution, which is a time-honoured distribution used to model rare events 8) · The industries' true risk ratios increase geometrically with their rank order. (This assumption implies loglinearity, which is the conventional way of handling Poisson distributed variables) 12) · The total number of expected cases equals the total number of observed cases The general principles of how to use computer aided Monte Carlo simulation to estimate statistical parameters are well described by, for example, Morgan 13) and Ross 14) . All details on the particular estimation procedure used in the present study are given by Feveile et al.
9)
Validity of the diagnoses and the industrial codes
The validity of the medical diagnoses is considered to be high due to the obviousness of a physical injury to the examined body parts. The validity of the industrial code (DB93) was investigated by Tüchsen et al. in a linkage between the register used in the present study and a database obtained from answers to a work environment survey among a random sample of the Danish population 15) . In the latter database, the industries were coded by student helpers who inferred an industry from answers to the following questions: "What type of workplace do you work at?", "What service or product does your workplace provide?" "What is your present position (job) precisely?" At the two-digit level, the industrial code was the same for 77% of the 5,750 persons who appeared in both of the data sources.
Results
The industrial code was missing for 2.3% of the study population. The remaining 1,286,092 economically active men were included in the analyses. The median age was 39 yr at baseline.
The excess fraction and the excess cases of injuries for the five body parts are given in Table 1 .
The excess fractions ranged from 0.216 for injuries to the lower extremities (CI: 0.178-0.257) to 0.394 for back injuries (CI: 0.323-0.464) ( Table 1) . Thus, according to our model, 18-26% of the injuries to the lower extremities and 32-46% of the injuries to the back can be attributed to a non-optimal work environment. Injuries to the upper extremities generated the highest number of excess cases (87,193; 95% CI: 72,460-102,893), while injuries to the back generated the lowest number (4,982; 95% CI: 4,084-5,867) ( Table 1) . Table 2 displays the industrial SHR values by body part.
Male employees in eight industrial sectors, "road contractors", "bricklayer, joiner and carpentry work", "finishing (construction work)", "transport of goods", "fire service and salvage corps", "stone-works, pottery, and glass industry", "cleaning, laundries and dry cleaners", and "slaughterhouse industry" had significantly high SHRs for all five body regions compared to the general working population (SHR values higher than 100 (Table 2) ).
Industries associated with a particularly high risk of injury, that is SHR values with a lower bound of the 95% confidence interval higher than 120, are given by body part in Fig. 1 .
Fourteen industries were associated with a particularly high risk of injuries to at least one of the body regions compared to the general working population. Two of the industries-"road contractors" and "fire service and salvage corps"-had particularly high SHRs for all of the five body regions. The most striking results are seen for injuries to the upper extremities among slaughterhouse workers and injuries to the back among fire service and salvage corps workers. These risks were nearly twice as high as those of the general working population (SHR=196; 95% CI: 190-202 and SHR=199; 95% CI: 166-238, respectively).
Discussion
This study examined the relationship between male employees' hospital treatment rates of injury to five anatomical regions (head/neck, thorax, back, upper extremities, and lower extremities) and industrial sector in Denmark. We found substantial industrial inequalities in the rate of injury to each of the five anatomical regions, and we identified a number of industries with particularly high risks.
We assumed homogeneity within the various industrial groups. Heterogeneity was thereby ignored although the social meaning of work safety and the practice there of might vary considerably among groups of workers within industrial groups. For example, fire fighters and administrative personnel within the industrial group of "fire service and salvage corps" are organised in different job functions and rarely bear the same risk of injury, but in this study they were treated as a homogenous group. In other words, there will most probably be groups within industries whose risks are considerably lower than the industries' average risks. From this viewpoint, our estimated excess fractions are conservative.
Since this is not a randomised study, we cannot rule out that selection into industries may have influenced the estimates. If, for example, cautious people tend to keep away from dangerous environments while reckless people do not, then the effect of the work-environment would be intensified by the effect of personality type, which would bias the attributable proportions away from zero. On the other hand, if employers seek to select cautious people for potentially dangerous jobs, then the effect of the work-environment would be lessened by the effect of personality type. Age is associated with reckless behaviour. Young men are the ones that tend to take the highest risks 16) . All of our analyses were controlled for age. We can, however, not guarantee that there is no residual confounding due to other differences in personality type.
The main advantage of using the Occupational Hospitalisation Register as a data source for this study is that it is free of reporting bias. All people who contact a hospital are recorded in the register and the number of missing values with regard to the principal diagnosis is negligible. In contrast, a recent study estimated that only 45% of all work-related injuries are reported to the two alternative national data sources held by the Danish Working Environment Authority and the National Board of Industrial Injuries, respectively 17) . A disadvantage of the Occupational Hospitalisation Register is that workrelated injuries that do not need hospital treatment are unaccounted. In the study period, no emergency wards existed in the private sector in Denmark, but a few patients may have been referred to a private hospital for planned surgery. Since private hospitals are not required to report to the hospital patient register, such patients would be missed in the follow-up. However, the small number of such patients is unlikely to have created any significant bias. Another disadvantage of the register is that it does not contain information on "type of injury", which would provide a better basis for hypothesis generation about underlying causes.
We found only two other studies that have reported estimates of the proportion of injuries attributable to the work environment. Nurminen et al. used internationally published risk estimates and national estimates of exposed people to calculate the attributable fraction of deaths due to work injuries which were 0.4% for women and 3.7% for men 18) . Tüchsen et al. calculated the fraction of hospital cases due to injuries and traumas attributable to the work environment 19) . For women it was 6%, and for men 17%. Compared to the present study, their method was crude. They used a preselected industry (education and research) as a reference group, aware that a conservative estimate of the excess fraction was to be expected. It is therefore not surprising that the excess fractions of the present study differ, but it is remarkable that they are so much higher.
The results of the present study are comparable with those reported by Kines et al., which suggested an injury prevention potential for female workers of 14-27% compared to the most favourable work environment 1) . The results of the present study point to even higher attributable proportions for the male working population (17-46%). For women, Kines et al. identified five industries, "cleaning, laundries and dry cleaners", "transport of passengers", "hotels and restaurants", "hospitals" and "transport of goods" that were related to a higher risk of injury to each of the examined body parts. The present study indicates eight industries that are associated with a higher risk of injury for male workers and just two of these, "transport of goods" and "cleaning, laundries and dry cleaners", were reported by Kines et al. to be risky for female workers, too. Several explanations can be suggested for the difference in results between the present study and Kines' study. The most intuitive reason is that, for many industries in Denmark (as in most other labour markets), a gendered segregation of women's and men's occupations exists 20) . Gendered segregation means that certain occupations are directed towards and dominated by women or men. On a daily basis, this gender segregated employment market is being reproduced by the vast majority of working companies as reflected through job advertisements, the hierarchical structure of the workplace and the organisation of work [21] [22] [23] . Indeed feminine and masculine working tasks have varied according to time and place; however, some professions now and again turn into women's professions, while other professions almost exclusively seem to draw men 24) . For example, the caring sector is as a rule dominated by women, while the construction and electronics sectors usually employ men. When evaluating industrial risks, it is important to consider this gender segregation.
The high risks found in the construction industry were expected and are in agreement with previously published results [25] [26] [27] . The high risk of injury to the upper extremities among slaughterhouse workers (mostly due to lacerations) has been known for a long time [28] [29] [30] [31] [32] . Preventive measures have been taken, and protective gloves and covers for the lower arm for meat workers have been in use for a long time 29) . From this viewpoint, it is quite disappointing that their risk is still twice as high as that of the general working population.
An unexpected finding was that the industrial group "agriculture" had all SHR values significantly below the average. This industry is commonly known for its high share of severe injuries 33) . The excess fraction gives us the proportion of injuries that must be prevented if we want to eliminate the industrial inequality in injury risks, without worsening the situation in any group. This is not necessarily the same as "the proportion of injuries that are preventable". Some of the injuries in high-risk groups might not be preventable. It has, however, been shown that most injuries are predictable and therefore preventable 34) . As an example, dog bites among mail carriers in Denmark occur on average more than once each work-day. These instances are regarded as unfortunate accidents that cannot be predicted. Only after a dog bite has occurred, are attempts made to prevent this particular dog from attacking again. If we stopped treating these instances as accidents but instead saw them as direct consequences of deliberate actions (the owner has deliberately chosen to own a dog and has given the dog access to the mail carrier), we would realise that they are very easy to prevent. From this viewpoint, "the proportion of injuries that are preventable" might be much larger than the excess fractions obtained in the present study.
On an industrial level, the preventable proportion would depend not only on the incidence, but also on how easy it is to predict the injury. The degree of predictability differs between industries. The manufacturing sector is, for example, characterized by relatively stationary workplaces with relatively constant and predictable risk situations. Many injury prevention measures are merely in step with the conditions of the manufacturing sector as they were developed in this sector 35, 36) . The predictable risk situations provide a good basis for prevention, because working conditions usually remain fixed over time and therefore prevention measures will keep their potential in a longer period.
Work in the construction sector, on the other hand, is characterized by temporary workplaces with frequent changes in risk situations. This makes prevention measures more difficult to implement, and it is a great challenge to keep their effect under changing circumstances 25, 37, 38) . If the effect of prevention should last, it requires constant monitoring and persistent communication 39, 40) . The most unpredictable situations might be found in fire service and salvage corps, characterised by sudden risks that can be very difficult to foresee 41, 42) . Workplaces are of particular interest when public authorities and health professionals want to prevent injuries to people, because the relevant target population is well defined and therefore easier to reach with prevention initiatives 36) . The present study identifies industries at high risk of injury, but does not show us why the risks are high or how the injuries are to be prevented. From research on intervention studies aimed at injury prevention we know that intervention strategies based on legislative, organisational and cultural approaches have shown to be more effective at reducing injuries at work than public health strategies based on the health belief model at an individual level 35, 36) . Most of the mail carriers in Denmark have, for example, been subjected to behaviour modification courses to reduce the risk of dog bites, but they still get bitten. A more effective and simple approach would be to reorganise the workplace in a way that makes it impossible for the dogs to reach the mail carrier. Another example of ineffective injury prevention is seen with back injuries among construction workers individually responsible for using unpractical lifting devices. Many of these injuries could probably be prevented through some of the more modern intervention strategies that focus on organisational and cultural factors 43) . However, further research on more efficient prevention strategies might be needed in order to increase the preventable proportion of the excess fraction.
Conclusions
There are substantial industrial inequalities in injury rates among working men in Denmark. The size of the inequalities differs between body regions. To reduce the inequalities, we need to direct efforts toward injury prevention in those industries that are associated with an elevated risk.
